The use of native species in landscape design is a choice related to environmental sustainability and it contributes to the aesthetic appeal of urban and marginal areas. However, to date, the lack of knowledge of the ecological characteristics and agronomic practices of these species, represents a limit for their use. This study aims to obtain information about germination ecology, morphological traits and ornamental value of 7 selected perennial native taxa, with potential use in meadows seed mixtures for the Mediterranean environment. Seed germination for each taxon was assessed under different conditions (temperature, photoperiod and pre-treatment) in a controlled environment, while data on plant performances was collected from field plots. In general, the dormant seeds showed a positive response to pre-treatment with gibberellic acid (GA3) and chilling within a period of about six months from the time of seed collection. The dependence of germination on light and temperature was observed in most of the tested taxa. Differences in plant height and flowering dynamics gave practical directions in terms of combining seeds of different species to create and maintain a wildflower meadow in low-maintenance areas. Crepis bursifolia L. and Hypochaeris radicata L. were the only two species, which showed good persistence during the two-year field study and met the aesthetic requirements of low-input Mediterranean landscaping. Our study by adding original findings to the limited knowledge available on wildflower sowing in the Mediterranean environment, contributes to the development of sustainable strategies in the greening projects designed for those peculiar climatic conditions.
Introduction
The growing need to improve the quality of life in urban and marginal areas and to reduce the impact of management practices, is the driving force behind the researcher to focus on any form of sustainable greening, including wildflower meadows (Keller and Kollmann, 1999; Hitchmough, 2000; Braman et al., 2002) . From this perspective, native species can represent valuable resources when considering their role in environmental sustainability, management cost reduction and local character preservation of urban and rural landscape (Florgård, 2000; Thomas and Schrock, 2004; Jongepierová et al., 2007; Bretzel et al., 2012 Bretzel et al., , 2016 . Native plants are generally well adapted to the local pedo-climatic conditions, since they have evolved over hundreds of years to thrive in the soil and in the climate of their original area and are expected to better adapt when used in landscaping projects (Worrell, 1992; Jones and Evans, 1994; Ruggeri et al., 2016) . It is well known that some herbaceous native plants can quickly colonize poor soils, reduce erosion risk and the establishment of species with low ornamental value, as well as provide a natural pest control and an attractive roadside view (Forman and Alexander, 1998; Braman et al., 2002; Karim and Mallik, 2008; Bretzel et al., 2009) . Moreover, they provide food and shelter to native wildlife, enhancing the local biodiversity and preserving the landscape identity (Kennedy and Southwood, 1984; Coleman et al., 2002; Slattery et al., 2003; Lindemann-Matthies and Bose, 2007) . Particularly, the loss of natural areas due to increased population growth together with the use of invasive exotic species in landscaping, leads to a gradual change of places perception, depriving those of their uniqueness. Anyway, the native only policies in landscaping plantings have to be always contextualized, because there are exceptions where non-native species may play an important role (Kendle and Rose, 2000) . In this regard, recent studies have found that using plants from one region of origin may not be the optimal strategy for providing resources for pollinators in an urban context (Salisbury et al., 2015; Hicks et al., 2016) .
Italy has less than 3% of the European surface but supports the highest number of both animal and plant species within the European Union, as well as a high rate of endemism (Convention on Biological Diversity, 2013) . Despite this richness, in our country the use of native herbaceous species in urban landscaping is very limited and not adequately promoted (Bretzel et al., 2009) .
Particularly, in Italy land restoration studies have been mainly focused on the use of native shrubs and trees species (Nocentini, 1995; De Mei and Di Mauro, 2006) . At the same time, even though the majority of native plants are well known and characterized from a botanical point of view (morphology, taxonomic identification, chorology, etc.) , rare data are available on their seed germination ecology, phenology and cultivation techniques (Bretzel et al., 2016) . Germination features and plant height are pivotal components of species' ecological strategy and contribute to their competitive ability (Schwinning and Weiner, 1998 Bretzel et al., 2012) , as well as flowering which is the most relevant feature to determine the aesthetical perception of the meadow. Unlike other European countries, the lack of this type of knowledge is the reason why nurseries specialized in native plants propagation and a related market have not been developed in Italy and southern Europe yet.
Most of the spontaneous herbaceous plants could be easily propagated from seed, but many of them exhibit complex seed dormancy. Dormant seeds are quite common in nature, as dormancy plays an important role in the preservation of species (Baskin and Baskin, 2004a) . Therefore, it is arguable that information on germination ecology and techniques to break dormancy is required for the propagation and cultivation of most wild native species (Baskin and Baskin, 2004b) . However, information about germination requirements of most native species is unrefined or relatively unknown. Particularly, the lack of specific studies on rare and endemic species is due to several limitations such as their restricted geographic distribution, the difficulty in their identification and the absence of an economic interest.
The aim of this study was to investigate the potential of 7 native wildflower species for their use in sustainable landscape projects or in set-asides for ecological compensation sites in the Mediterranean environment. With this aim, seed germination ecology was studied in laboratory, while a field trial was set up to record emergence dynamics, morphometric parameters and ornamental value.
Materials and methods

Plant material
Ripe fruits were collected directly from eighty mother plants in the Northern area of the Latium Region (Central Italy) for a total of seven taxa: five belonging to Asteraceae family (Crepis bursifolia L., Hypochaeris radicata L., Picris hieracioides L., Reichardia picroides (L.) Roth, Tragopogon pratensis L.) and two to Lamiaceae (Marrubium vulgare L., Prunella laciniata (L.) L.). Selected species are hemicryptophytes typical of semi-arid environments (dry meadows, natural and semi-natural pasture habitats, waste lands, etc.) while, regarding their distribution range, two are Mediterranean (P. laciniata and R. picroides), three are European (H. radicata, P. hieracioides and T. pratensis), one is widely distributed (M. vulgare) and one is endemic (C. bursifolia) according to Pignatti (1982) . Taxa under study are common species in the Latium Region, with the exception of C. bursifolia, which is considered species of biogeographic interest (Conti et al., 2005) . The plant material selection was made considering the species ability to grow on poor soils and their potential aesthetic appeal, e.g. flowering or foliage with high ornamental value and morphological diversity (in terms of plant habitus and leaves size). Moreover, all taxa are characterized by abundant achenes production, which can better ensure the persistence of the species. Prior to start the germination tests, seed weight was determined for each taxon weighing 8 replicates of 100 seeds each. The weight of 1000 seeds was 0.169 g ± 0.004 (Standard error, SE) for C. bursifolia, 0.726 g ± 0.014 (SE) for H. radicata, 0.737 g ± 0.009 (SE) for P. hieracioides, 0.342g± 0.005 (SE) for R. picroides, 5.694g± 0.040 (SE) for T. pratensis, 0.786 g ± 0.009 (SE) for M. vulgare, 1.056 g ± 0.005 (SE) for P. laciniata.
Germination tests
Achenes were cleaned from impurities and stored in plastic vials at room temperature and darkness until trials were carried out. Germination tests were performed starting within three months from achenes collection. The experiments were conducted using 15 cm parafilm-sealed Petri dishes on filter paper moistened with distilled water. In each Petri dish, germination ability was tested on 100 seeds and repeated four times for each species. Different pre-treatments were applied in order to enhance seed germination: i) chilling (5°C in darkness and moist conditions for 12 days); ii) mechanical scarification using silica sand previously put in the oven at 85°C for 1 h; iii) soaking in gibberellic acid (GA3) at a rate of 200 ppm for 10 min; iv) soaking in a 1% sodium hypochlorite solution (NaClO) for 10 minutes and then washing with distilled water; v) filter papers soaked in a 0.2% potassium nitrate (KNO3) solution.
Petri dishes with untreated or pre-treated seeds were incubated in a climatised cabinet both in light and dark conditions at three different constant temperatures (15, 20 and 25°C) at least for 30 days and until no further germination occurred after 7 days. White light was produced by neon fluorescent lamps, while dark conditions were obtained by wrapping the dishes with aluminium foil. During the light incubation the photoperiod was 12 h/12 h (light/dark respectively), and light was regulated at the intensity of 80-μmol m -2 s -1 . Germination percentage was determined counting germinated achenes. Achenes were considered germinated when the radicle length was 1 mm. After each count, germinated achenes were removed to avoid a possible chance of being counted again.
Time to reach 50% germination (T50) was calculated according to the following formula (Farooq et al., 2005) : (1) where N is the final number of germinating seeds and nj and ni are the cumulative number of seeds germinated by adjacent counts at times tj and ti, respectively, when ni< N/2 <nj.
Field experiment
The field study was conducted for six out of the seven taxa under study, because of the scarce availability of R. picroides' achenes. The research was carried out from November 2006 to November 2008 at the Experimental Farm of the University of Tuscia located in Viterbo, Italy (lat. 42°26' N, long. 12° 04' E, altitude 310 m a.s.l.) on a neutral sandy loam soil with an organic matter content of 2.2%. The experimental site is characterized by a Mediterranean climate with mean annual maximum and minimum temperatures of 19 and 8°C, respectively, and annual rainfall of 743 mm. Meteorological data were obtained from a station located at 100 m from the experimental field. Annual precipitation varied considerably from year to year during the study. In 2007 very low annual rainfall occurred (475 mm). On the contrary, in 2008 rainfall was abundant and above the long term average (1205 mm vs 743 mm). In general, drought was experienced during summer from July to August in both years.
A randomized block design consisting of 2×1 m rainfed plot for each taxon with three replicates was used. Cumulative seedling emergence was monitored for 6 months by counting each time all the seedlings visible above ground level in a 0.2×0.2 m 2 sampling area. To allow an evaluation of the ability to persist, plant density for each species was registered, by counting plants on the above-mentioned sampling area, two years after sowing. First flowering was determined as the opening of first flower or inflorescence (e.g. Asteraceae species), while the end of flowering as the dehiscence of the last flower or inflorescence.
The flowering duration, expressed as number of days, was recorded from the first flowering to the end of flowering for each taxon in each year. At the peak of flowering, 10 plants were selected randomly from each plot and the number of inflorescences per plant was determined. During the fructification, when plants dimension reached its maximum, the height of taxa was recorded by measuring 10 random plants in each plot. After fructification, 10 infructescences were harvested randomly from each plot and the achenes were manually counted.
Statistical analysis
Statistical analysis was carried out using R 2.4.0 software (RCORE, 2006) . A one-way ANOVA was performed for each taxon to test the effectiveness of dormancy-breaking treatments within each incubation condition (temperature and photoperiod). Two-way ANOVA, with species and year as factors, was performed to analyse the data gathered in the field such as flowering duration, inflorescences per plant, achenes per infructescence and plant height. Threeway ANOVA was used to study the effect of the species, temperature and light conditions on final germination of untreated seeds. Means were separated by the Fisher's least significance difference (LSD) test at the 95% probability level. All percentage values were arcsine square root transformed before analysis to normalize the variance and back transformed for presentation.
Results
Seed germination test
In general, lowest incubation temperature (15°C) was more favourable to germination of untreated seeds as compared to highest one (25°C). Particularly, at 25°C the germination of C. bursifolia, P. hieracioides and T. pratensis was significantly lower than that at 15°C both under dark and light conditions (Table 1) . On the contrary, M. vulgare was the only species which did not germinate at 15°C and constantly showed a final germination rate lower than 20%. Reichardia picroides showed higher germination values than M. vulgare but never exceeding 50%, both under dark and light conditions. With the exception of M. vulgare, all the species were photo-dependent. This feature was significant for C. bursifolia at 15 and 20°C, H. radicata at 20 and 25°C, P. hieracioides at 15 and 20°C and P. laciniata at all tested temperatures. For a given temperature, germination of taxa in dark condition was significantly affected by dormancy-breaking treatments, with the exception of M. vulgare. Conversely, under light condition (12 h/12 h photoperiod) seed treatment was less effective, especially at 15 and 20°C (Table 2 ). Chilling was effective for H. radicata and P. hieracioides both at 25°C under dark conditions. Treating seeds with GA3 was particularly effective for C. bursifolia at 25°C under light conditions and 15°C in darkness, R. picroides at relatively low temperatures and M. vulgare at all tested temperatures with the exception of 15°C under dark conditions. The chemical oxidation of germination inhibitors, obtained by using KNO3, was effective only under dark conditions for C. bursifolia at 25°C and P. laciniata at 20°C. Conversely, the use of NaClO never improved significantly seed germination as compared to control. Finally, scarification significantly improved germination of R. picroides and T. pratensis both at 25°C and in darkness, even though for this latter species the T50 was significantly prolonged.
T50 ranged from 1.5 days for T. pratensis seeds treated with chilling in light condition at 15°C to 22.5 days for M. vulgare seeds treated with chilling in dark condition at 15°C (Table 3 ). In general, the higher the temperature, the higher the T50 was. This trend was statistically significant for C. bursifolia and T. pratensis (R=0.88 and 0.81, respectively, P<0.05). As compared to control, dormancy breaking treatments significantly reduced T50 just in few occasions such as for H. radicata at 25°C (chilling in darkness), 15°C and 20°C (chilling under light), R. picroides at 25°C (scarification in darkness) and 20°C (GA3 under light), P. laciniata at 25°C (GA3 under light), and P. hieracioides at 20 and 25°C (chilling under light and dark conditions, respectively).
Seedling emergence
Three out of six species started to emerge within one month from sowing (Figure 1) 
Flowering features and seed production
The species greatly differed in flowering dates and duration, showing a blooming calendar from the end of April to middle November in 2007 and to middle October in 2008 (Figure 2) differences were found between 2007 and 2008 seed production per infructescence. Moreover, M. vulgare and P. laciniata was always the top yielding species with more than 100 achenes per infructescence produced as 2-years mean.
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Plant height
Plant height significantly differed among the species under study and between years. Averaged over 2 years, the height varied significantly from 13 cm of C. bursifolia to 95 cm of P. hieracioides (Figure 3) . Results pointed out different ranges of height reached by taxa: C. bursifolia and P. laciniata were the shortest species (up to 31 cm, 2-years mean), M. vulgare and T. pratensis reached medium heights (between 50 and 60 cm), H. radicata and P. hieracioides were the tallest species reaching 75 and 95 cm, respectively.
Discussion
Seed germination test
The results on germination test have to be regarded as preliminary, because dormancy level may significantly vary among plant populations and years of seed collection (Beckstead et al., 1996; Schütz and Milberg, 1997; Andersson and Milberg, 1998) . Despite this, our findings may provide precious information for those who wish to investigate deeper into the germination ecology of such species.
Generally, the lower incubation temperatures favoured the germination of tested species. The same behaviour in seeds germination ability was observed by other authors that investigated ecophysiological aspects of seed germination in Mediterranean species (Galmés et al., 2006; Luna et al., 2012) and also by Baskin and Baskin (2004b) on some morphologically dormant seeds. Conversely, widely distributed M. vulgare proved to be less sensitive to incubation temperature and it constantly showed poor germination rate. This is in agreement with previous studies that have also reported low germination percentage for this species if subjected to constant temperatures (Benvenuti et al., 2001) . We found R. picroides never overcoming 50% germination, and this result is consistent with a recent study by Benvenuti and Pardossi (2016) that showed for this species a germination of 42.2%, without dormancy breaking treatments.
In this study, the positive role of light in the germination process of wild species was clearly confirmed for the majority of tested species (Wessonand Wareing, 1969) . Other studies indicated light as an important factor controlling the germination of plants (Honda and Katoh, 2007; Luna and Moreno, 2009 ). Moreover, the dependence of germination on light availability is well-rendered in literature for plants with very small seeds, such as C. bursifolia, confirming the need for light and shallow planting depth for these kind of species (Milberg et al., 2000) .
Results from our study showed that tested species benefited from dormancy-breaking treatments in many occasions. Consequently, knowing how to remove dormancy represents a pivotal factor for their cultivation in rural and urban landscapes. This is particularly true for those species such as M. vulgare, R. picroides and P. hieracioides, which show low germination percentage without dormancy-breaking treatments. The effectiveness of treating seeds with chilling and GA 3 suggested the presence of a possible physiological dormancy in some tested taxa. Probably, chilling has the ecological role of stimulating germination during spring, when climatic conditions are most favourable for plant growing (Baskin and Baskin, 2004a) . In contrast with other authors (Bretzel et al., 2009; Benvenuti and Pardossi, 2016) , soaking seeds in NaClO was never able to significantly promote germination as compared to control. This finding was probably due to the fact that germination inhibitors are often tolerant to degradation (Halloin, 1983) and the efficacy of NaClO varies depending on the species.
Since seedling establishment is a key stage in plants' life cycles (Donohue et al., 2010) , species with low T50 values could take advantage from earlier emergence to escape competition (Ross and Harper, 1972; Abul-Faith and Bazzaz, 1979; Kalisz, 1986) . This is particularly true for C. bursifolia and P. laciniata taking into account their low height.
Seedling emergence and survival of species
The time of emergence of C. bursifolia, P. hieracioides and T. pratensis confirmed the results obtained in growth chamber study under relatively low temperatures. Conversely, the delayed germination of H. radicata and P. laciniata under field conditions suggested that these species may acquire a secondary dormancy after sowing. A similar behaviour was observed by Winn (1985) for Prunella vulgaris L. in southwestern Michigan.
Article
Some factors in light chamber studies are different from natural conditions and may lead to a higher germination rate and speed (Keller and Kollmann, 1999; Benvenuti and Pardossi, 2016) . For example, moisture is constant and optimal, filter paper is sterile and germination inhibitors are probably more effectively washed out. Seedling emergence was generally poor and plant density markedly varied during the study, especially for early-emerging species. The major reason of this variation during autumn and winter appeared to be seedlings mortality caused by both abiotic and biotic stresses such as cold temperatures, soil drought and intraspecific competition (Harper and McNaughton, 1962; White and Harper, 1970; Jorritsma-Wienk et al., 2007) . Anyway, two years after sowing, only C. bursifolia and H. radicata showed a good ability to persist in low-maintenance conditions. Long-term persistence is a key factor for sustainable greening, because low seedling emergence rates and high mortality of both seeds and plants were events well rendered by many authors who investigated the distribution and establishment of natural and cultivated perennials (Friedman and Orshan, 1975; Winn, 1985; Hitchmough, 2000; Thomas and Schrock, 2004) . The ability to persist and spread of C. bursifolia, was documented also by authors who checked the flora in central Italy over time. Particularly, C. bursifolia was ranked as rare species in 1994 while it became a rarely common species in 2010 (Anzalone, 1994; Anzalone et al., 2010) .
Flowering features and seed production
As herbaceous vegetation is highly seasonal in appearance, there is a need, in the temperate regions, for species which are attractive also in summertime (Dunnett and Hitchmough, 2004) . This is particularly true for the Mediterranean environment in which summer heat and drought stress severely limit plant growth. Moreover, another important aesthetic requirement is the duration of flowering to ensure as long a flowering period as possible. The results from our study identified C. bursifolia and H. radicata both having these crucial features and thus as promising taxa for green areas near to where people live or work.
Moreover, a strong influence of the year on the number of inflorescences was registered for the half of tested species so that it could considerably affect the ornamental value of the species. Generally, the number of inflorescences increased with the age of the plant and this is consistent with other authors that found many perennials showing little flowering during the first years (Dunnett and Hitchmough, 2004) .
Disturbed urban sites usually favour quick-growing plants with abundant seed production (Rinehart, 2006) . On the contrary, in our study, the species which produced the larger amount of achenes per plant (i.e. M. vulgare and P. hieracioides) failed to increase in abundance. This was probably due to the poor ability of these two species to establish and spread when a vegetation already exists, as previously found by other authors in arid environments (Andrew and Lange, 1986; Sans et al., 2002 Sans et al., , 1998 .
Plant height
Most of the species exceeded the upper limit of the height found in literature for natural communities (Pignatti, 1982) . This finding was probably due to the specific field conditions (i.e. plots planted in monoculture, sowing on bare soil, presence of fertile soil) which are much different from those observed in natural habitats. With the exception of C. bursifolia and P. hieracioides, taxa showed significantly higher values in the second year than the first one. This was mostly due to the rainfall abundance registered in 2008 as compared to 2007 when the growing season experienced severe drought.
Plant size affects vegetation dynamics and distribution because of light competition (Schwinning and Weiner, 1999; Moles et al., 2009) . Thus, size asymmetry among plants can lead to phenomena of growth suppression of smaller individuals (Hautier et al., 2009) . Results from this study may help to characterize the tested species and give directions for their management.
Conclusions
Our study clearly demonstrates that local seeds need to be tested both for their germination features and field establishment ability prior to mixture and direct use in landscaping projects.
Untreated seeds of C. bursifolia, P. hieracioides and T. pratensis showed a prompt germination and emergence within one month from sowing, indicating a possible use in autumn planting immediately after the collection of seeds. On the contrary, the high seed dormancy highlighted both under laboratory and field condition by M. vulgare, implies the necessity to use pre-treated seeds (GA3) to have high germination rate and speed. The emergence time of H. radicata and P. laciniata was greatly delayed under natural conditions, suggesting the acquisition of a secondary dormancy, which should be further investigated.
Overall, since durability is a major point of using perennials in sustainable gardening and landscape projects, the only two taxa, which performed well over two-years field experiments were C. bursifolia and H. radicata. These species were also those, which showed the longest flowering period and the capacity to be attractive also throughout the summer months. For its small size, C. bursifolia may be profitably used in residential greening, school gardens and parks, while H. radicata probably is better suited to green spaces not usually visited by people (e.g. roadsides, slopes, wildflower strips, etc.).
Although more effort is necessary to refine and enrich data on local population and other species (e.g. annuals), the specific morphometric features and eco-physiological traits recorded in this study, represent an important novel source of information for creating and maintaining wildflower meadows in a Mediterranean environment, especially when a sustainable approach is required.
